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RESEARCH MEMORANDUM

COMPARISON EBETWEEN FLIGHT-MEASURED AND CALCULATED
SPAN LOAD DISTRIBUTION AT HIGH MACH NUMBERS

By L. Stewart Rolls

SUMMARY

The spanwise losding hae been computed, by two different
methods, on the wing of an eirplane for which pressure—dietribubtion
measuremsnts were avallable from flight teste up to a Mach number of
0.866. One set of the calculations was bassed on & gensralized
method of the Iifting-line theory utilizing high-speed wind—tunnel
data, while the other set employs an approximate semiecllipticsal
distribution. The comparison betwesn the msasured and calculated
distributione has been made on the basis of squal wing-pensl normal~
force coefficlents.

To obtain & valid comparison it was necessary to consider the
upfloat of the alleron which occurred at the higher Mach mmbers.
A falrly close agrsement was obtained by both methods for these
conditions, especially at the highest values of Cy considersd. It
was shown that, up to 0.866 Mach number, nsglect of aileron upfloat
in span load calculations might produce a more serious shift in the
span load distribution than would occur from nonconsldevation of the
comprossibllity effects on the section lift—curve slope and angls of
zero lift.

INTRODUCTION

A great deal of consideration has bsen given to the accuracy
of computed span loed distribution at high speeds due to the changs
in the distribution cccurring at high Mach numbers. Recently,
measurements of the wing pressure distributions have been made on a
Jet—propelled sirplane in flight up to a Mach number of 0.866
(reference 1). These date have given an opportunity far checking
the accuracy of methods of computing high—~speed span load distribu—
tion. This report presents comparisons betwsen measured span load
and span losd as computed by two methods.
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In the first case the comparlson vas made between mzasurcd spnn
load distributione and calculated valugs, using the method of
reference 2, a generalized method by which the effects of cumpr2us--
ibility and abrupt twilst are troated by o process of succeselive
apprroximations utilizing sec +ion data. The high—speed soction dut=
necessary for this msthod of calculeting gpan load distribution wus
obtainsd from the results of tests in the Amss 1~ by 3-1/2-foot
high—speed wind tumnel.

The second coamparison woas made between the moasursd distrilbu—
tlone and the calculated distributions baeed on the method of
" reference 3 which assumes an approximate semislliptical distribu~
tion of lif"b.

SYMBOLS
Az airpla.ne normal~acceleration feu:tor (? /w)
b wing span, feet
c wing section chord, fcot

Clg section additionsl 1lift _c_f:efficient

cn section normal-force coafficient,

Lr _/: c(,PL_'PU_) e <§> ]

C'gM wing-panel bending-moment cosfficient,

(5[ or Grmo®) ¢ ()]

C'y . wing-penel norma.];—f:orce coefficient,

[-ébg/;b/ecncd '7557_5 ]
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airplane normel-force cosfficient (WAz/qS)
Mach number

pressure coefficlent on lower surface of wing

pressure coefficient on upper surface of wing

dynamic pressure, pounds per aquara foot - -

ae g g =g

wing erea, square feet

M

chordwise location from leeding edge, Teet

spanwise location from plane of symmetry, feet

=

airplane gross weight, pounds

™

serodynsmic normal force on sirplans, pounds.

aileron control-surface deflsction (positive trailing odge
down), degrecs

o
)

o angle of attack of airfoil ssotion, degrees

g, angle of attack of airplane thrust'axis, degrees

DESCRIPTION OF AIRFTLANE ARD INSTRUMENTATION

The airplane used In thess flight tests was a turbo-Jet—propelled
fighter. tgures 1 and 2 are photographs of tho airplane as instru-—
mented for flight. 4 thrse~view drswing showing the spanwiss
locations of wing pressure orifices is presented in figure 3. Ths
baslc dimensions of the airplane are presented In table I. The
geometric twist of the wing is shown in figure L. - -

Standard NACA photographically recording instrumsnts were used
to record the wing orifice pressures and other guantitiss during
flight. A more complete description of the instrumontetion znd
accuracy of ths exporimental date ma; be found in reference 1.

RESULTS AND DISCUSSION

The primary comparison made in this report is beotwesn the measursd



L ' NACA RM Ko: A7G1T

distribution and the calculated distrihution obtalned uasing the ,
method of reference 2. These calculationg are based on a generalized
method of spplying lifting-line theory, using a series of successive
approximations; that is, from the fundamsntal downwash squations,

a spanwisge distributlion of -downwesh angle 1s found for soms Initinml
assumed leceding end, from the differencé betwscn the geometiric and
computed downwasgh angles at each station of the spen, the effuctive
angles aof attack are detsrmined. . When the effectlive angles of

attack ars applied to each section 1ift curve, lift coefficients at
sach station are obtainsd which, when multiplied by the ratio of the
chord at the station to the mean chord, define a new check distribu—
tion. As a second approximation, an assumed span loading is token
between the first approximation and the check points. Tho wnrocess

is continuved until tho check loasding COiﬂCidbS with that from which
it was derived.

To enable the comparlison to be mode on tho basis of equal wing-
renel normsl-force coefficients, it was necessatry to compute tho
wing-panel normel-force coefficient variation with airplune angle of
attack. These calculations weres made by the method of rcference 2,
uging the two-dimensional section data obtailned on the NACA .
651—-213(a=0.5) airfoil in the Amss l- by 3~1/2-foot high-spoed
wind tumnel. (See fig. 5.} Tho calculated veriastion of wing-panol
normal—force coefficient with airplene angle of attack are Presgentod
in figure 6.

The reosults presented in figure T show the comparison botwesn
measured and calculated span load distribution for several valusa of
Mach number and airplene normal—force coefficients, In comparing,
the chordwise loading cpc at each individual spanwise station,
congiderable variation between the calculated and maasurcd lo&ding
will be noted at Mach numbers above 0,60.

An earlier report (reference 1) on this same installation
attributed a portion of the inboard shift in the spanwise load
dietribution megsured in flight to the upfloating aileron which
occurred in flight at the higher Mach numbers. For the calculated
distridution shown in figure 7, no consideration wes mede for the
effect of an vpfloating ailleron. ZExtrapolating the section data
shown in figure 5, for M = 0.84, to the aileron anglos taken from
reference 1 (shown in fig. 8) the span-load distribution prasented

in figure 9 was computed and compered with flight roesulte.

Further comparison of the sectional loading wes obtained by
computing the wing-panel bending-moment coefficient based on the
bending moment about the 25-percent semigpan stetion. TO enable
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the comparlison tc be based on the same wing area, it was necessary

to extend the measured data inboerd from wing station 65 (27.8 percent
semispan) to the center line of the fuselage. The errors involved in
this extrapolation are thought to be small. Figure 10 comparee the
bending—moment coefficients for the measured and calculated distribu—
tion as a function of Mach number and airplane normal~force coeffi-
clents. This comparison indicates that the center of pressure for

the calculatod distributions et values of C§ of 0.2 and 0.6 is
farther outboard than the center of pressure for the measured
distrioution. By considering the effect of.aileron deflsction, points
spotted on figure 10 at M'= 0.8L,  better agreement is shown. The
best correlation wes obtailned for an airplans normel-forcse coefficlent
of 0.60 at which time the aileron was floating 4° up., At the lower
values of normal-force coefficient the offect of ths upfleating
aileron 18 not as noticeable.  One explanstion for this difference

at the lower velues of .Cy is the possibility that the results from
the emall-scale modsl of the 1—- by 3-l/2-foot high-speed wind-tunnsl
teat indicated a lower valus of control—surfsce effectivencss at the
low 1ift cosfficients than at the higher values.

To determine the necessity for usling the msthod based on
high—speed~tunnel data and to check the validity of using a low—
speed method, the distribution was calculated using the usual method
of reference 3. This method is based on two assumpbions. First,
the additional .loading coefficient GIaC/CN is a mepan betwsen the
wing chord and a semiellipss having the same srsa as the wing, and,
second, the basle 11ft distribuiion is & mean between the spsuawlse
camber 11ft line and the geomeiric lift—coefficient distributlion
due to angle of twiet. The total distribution is tha sum of the
additional 1ift and baslc 1lift distribution, In this method the
ailoron is treated as a casge of asn abrupt twlst. No corrections
ara made for the effects of compressibility.

In figure 11, & comparison,is made between the resulls of the
calculations perfarmed using the two different methods. These
comparisons indicate a fairly close correleation in all casss where
the calculations wore made with an aileron angle of 0°. However,
for tho- case shown in figurs 11{c), where the calculations were
corrscted for an aileron deflection of 4° up, the bending mamont
calculated by the method of referencs 3 is about 20 porcent lower
than the bonding moment derived from refersnce 2. -

The data and calculations in this report indicate that, for the
airplane under consideration, the effect of alleron deflection is
more critical from the standpoint of spanwise distribution than
the effect of compressibility on section lift—curve slope and angle
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of zero lift. In this particular case with the aileron deflected up,
there is an inboard shift in the load thus causing a decroass in the
tending moment; and it is apparent that negleet of the coffuet of
aileron upfloat_in-design calcylations of loading would be consuiv—
ative. It is conceivable, howover, that in some cases wing and
alleron characteristics might be such as to cause a downward deflec—-
tion of the alleoron at high Mach numbers, -thus producing greater
bending moments. - It is recammended, thorefore, that calculations of
gspanwise legding at -the higher Mach rmumbers include congidorution of
ths offect of aileron deoflection. In this regard it is apparont
that research is necessary to provido methods for estimating ailoron
deflectians at hlgher Mach numbers.

CONCLUDING REMARKS

Over the Mach number range for which teste were made, it was
shown in. this psrticular.case that considerable veriation occurrcd
between the section normel-force coefficlent o©op a8 measurced 2né as
calculated where no deflection was considered. This domonstreted
the necessity of comsidering the aileron anglo at high Mach numbors
to obtain a correslation hetween meesuwred and calculatod: diatribu—
tions. In this case botter correlation was obtained botweon mmasurod
and calculated values of span load distribution at highor airplans
normal—force coefficlonts than at lowsr sirplane normal-force
coafficients. Comperison of msasured .and calculated wvalues of span
Yload distributlon showed that the upfloating aileron had a greator
cffect on the span load distribution than changss in l1ift-curve
slope and angle of zero lift due to _campressibility. It is
recammended that colculations of spanwise loeding at high Mach
numbers include the effect of aileron deflections, .

The difference betwoen tho calculated distributions, using
either roforence £ or 3, and the measured dlstribution indicated
by these resultf€ arc wilthin the acouracy of the preliminery degign
considorations. Honcc, in this particular cese theo simplo mothod
(rofaronce 3) gave as good an agreemont with test rosults as
reforence 2 but involved approximetely one—third the time ~nd did
not require additionanl tests to obtain sirfoil-soction data..

Ames Aercnautical Iaboratory,
Natlonal Advisory Committse for Aeronautics,
Moffett Fleld, Calif.
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TABLE I.- BASIC DIMENSIONAL DATA OF TEST AIRPLANE

Ares, square fect .

Span, feet . ..
. Root chord, fest

Tip chord, feet

Aspoct ratic. . . .

Taper ratio . . .

Mean aserodynamic chord,

Root section. . .

Tip section « o o « « &

-

feot,

Percent line straight . . .

Aileron

Ares aft of hinge line (ons

aide), Equare

Span, feet (omo ®side) . . . .

Mesan serodynamic chord, fect.

Hinge-line location, percent chord..

T&b Be o« ¢ & s o »

Incidence, root chord, degrees.

Incidence, tip chord, degrees .

Diheodral of trailing edge, degress.

tab

{

m amn |

e o o & & )L

. e * - 'E'uh'g
e v - . » 0.363

R S

se ... 3.83 0

- » . . L] . . l‘

LI ) L] - __0.1—30‘!

651213, 220,50

651~213, a=0,50 |
e e . e . 52,0
L] - L | -—157 I

on left aileron

75.0 -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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‘Figure 2.~ Flan view of the test airplane.
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Figure 3. - Three-view dra wing of the ltest airplane.
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